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ABSTRACT

Yarrowia lipolyticais unique strictly aerobic yeast with the ability efficiently degrade hydrophobic substrates
such as n-alkenes, fatty acids, glycerol and dilsthe present work, a*Zull factorial design was used to
investigate the influence of the independent véembf temperature, agitation, initial cell conceatton and initial
petroleum concentration on crude oil biodegradati®he results showed that all variables studied bigghificant
effects on the biodegradation process. Temperatagéation speed and initial cell concentration hpdsitive
effects, and initial petroleum concentration hadegative effect. Among the crude oil removal céonlt studied,
the best temperature and agitation conditions v&3%C and 250 rpm, respectively.
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INTRODUCTION biological transformation of chemical- or
petroleum-derived contaminants into less toxic
Many marine oil spills occur every year. Onand/or less mobile forms (Abdulsalam and Omale
several occasions, major oil spills have2009). These technologies are receiving increased
contaminated marine shorelines, causing sevesadtention due to their low cost and effectiveness
localized ecological damage to near-shoréVidali 2001).
communities (Atlas 1995). The biodegradation of petroleum in marine
Among the methods used to remediate oilenvironments is carried out largely by diverse
contaminated environments, bioremediation habacterial populations. However, in the present
been widely used. This method uses the enzymatiweork a yeast strain isolated from tropical estuarin
capability of microorganisms to degrade petroleurwater in Rio de Janeiro (Brazil)yarrowia
hydrocarbons (Ron and Rosenberg 2002). Sonigolytica IMUFRJ 50862, was used.
microorganisms degrade alkanes (normalYarrowia lipolytica is a unique strictly aerobic
branched and cyclic paraffins), others aromaticg/east with the ability to produce a wide spectrum
and others both paraffinic and aromaticof products, such as organic acids and extracellula
hydrocarbons (Atlas 1995). Bioremediation is arenzymes (Amaral et al. 2006¥. lipolyticais one
internationally approved technology for the costof the most extensively studied ‘“non-
effective clean-up of oil-contaminated sites. Thesgonventional” yeasts and is currently used as
technologies involve enhancing the naturamodel for the study of protein secretion,
peroxisome biogenesis, dimorphism, degradation
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of hydrophobic substrates, and several new fieldslaterials
(Fickers et al. 2005). Given its ability to utilize Peptone and yeast extract were obtained from
hydrophobic substrates such as alkanes, fatty aci@®xoid, glucose was obtained from Reagen, and
and oil,Y. lipolyticastrains are emerging as veryagar and chloroform were obtained from Vetec.
promising agents for the treatment of both minerarhe crude oil used was Marlim petroleum
oil pollution and plant oil waste (Scioli and providedby PETROBRAS and was characterized
Vollaro 1997; Kim et al. 1999; Felice et al. 2004). as heavy oil (19 °API). The seawater was obtained
There are many factors that influence thdrom Espirito Santo Bay, Brazil.
bioremediation process and should be monitored.
These factors include temperature, type anQulture conditions
concentration of the pollutant(s), nutrient andror cell proliferation,Y. lipolyticawas inoculated
oxygen availabilities and the concentration ofinto YPD medium (1 % yeast extract, 2 % peptone
microorganisms in the impacted site. Thereforeand 2 % glucose) at 28 °C for 48 hours. Cells were
some environmental conditions must be adjustedentrifuged, washed with distillated water and
for example, by improving aeration and correctingransferred to 125 mL Erlenmeyer flasks
the moisture level and pH, to stimulatecontaining 50 mL of medium (seawater and
bioremediation (Baptista et al. 2005). petroleum). The Erlenmeyer flasks were incubated
The goal of the present research was to investigabm a rotary shaker for 120 hours. Samples were
the influence of several factors on crude oitaken daily to monitor cell growth. The remaining
biodegradation byYarrowia lipolytica IMUFRJ crude oil was analyzed at the end of each
50682. The factors analyzed were temperaturexperiment. In parallel, control experiments were
agitation speed, initial oil concentration andperformed to analyze the oil lost by evaporation
inoculum concentration. and sampling. The petroleum concentration, cell
concentration, temperature and agitation speed
were varied according to experimental design
MATERIALS AND METHODS described below.

Microorganism Experimental design
A wild-type strain of Yarrowia lipolytica To study the influence of some factors on the
(IMUFRJ 50682) was isolated from an estuary ircrude oil biodegradation process Yylipolyticag a
the vicinity of Rio de Janeiro, Brazil (Haegler and2” full factorial design with 8 axial points and 3
Mendonca-Haegler 1981), and identified by thecentral points was implemented using Statistica
Microbiology Institute of Federal University of 7.0. The independent variables studied were
Rio de Janeiro. The strain was conserved at 4 %€mperature, agitation speed, initial cell
on YPD-agar medium containing (w/v) yeastconcentration and initial oil concentration. The
extract (1 %), peptone (2 %), glucose (2 %) andalues shown in Table 1 represent the limits for
agar (3 %). each factor analyzed. The dependent variable used
was the percentage of oil removed.

Table 1— Experimental range and levels of the independani@bles analyzed in thé full factorial design.

. Levels
Independent Variables > X] 0 ) s
Temperature (°C) 20 24 28 32 36
Agitation (rpm) 70 115 160 205 250
Petroleum (% v/v) 0.1 1.0 2.0 3.0 4.0
Inoculum (mg/mL) 0.10 0.55 1.00 1.45 1.90
Analytical Methods established factor. This method provided only
Cell Growth gualitative results because only the optical dgnsit

Cell growth was followed using optical densityof the aqueous phase was measured even though
measurements at 570 nm; these values wesdme of cells migrated into the organic phase.
converted into mg/ml using a previously
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Determination of Crude Oil degradation RESULTS AND DISCUSSION

An oil phase extraction was performed with 25 mL

of chloroform at the end of each crude oilThe experimental design results are presented in
degradation test. After that, the solution of cruddable 2. Under the conditions tested, the oil
oil extracted was diluted and analyzed in a@emoval percentage ranged from 12 to 90 %. The
spectrophotometer (DR4000UV (HACH)) at 240results of the central points (experiments 25, 26
nm. The Marlim petroleum spectrum exhibits anand 27) were very similar, showing that the
intense absorption at this wavelength. However, bioprocess was reproducible. It is also important t
is important to note that this method for crude oihote that the difference between maximum and
quantification is not the best way to quantify theminimum values of the response variable (78 %) is
total oil concentration because only a few aromatimuch greater than the variation observed for the
hydrocarbons absorb at 240 nm. This measuigentral point (4 %), confirming that the variation
gives us only an approximate value of the removah the removal values are due to the changes in the
level. bioremediation conditions.

Table 2— Experimental design and results of tHeul factorial design.
Experiments  Temperature (°C)  Agitation (rpm) Petroleum (% v/v) Inoculum (mg/mL) % Removal

1 24 115 1.0 0.55 37
2 32 115 1.0 0.55 41
3 24 205 1.0 0.55 42
4 32 205 1.0 0.55 45
5 24 115 3.0 0.55 16
6 32 115 3.0 0.55 19
7 24 205 3.0 0.55 20
8 32 205 3.0 0.55 23
9 24 115 1.0 1.45 62
10 32 115 1.0 1.45 65
11 24 205 1.0 1.45 65
12 32 205 1.0 1.45 69
13 24 115 3.0 1.45 32
14 32 115 3.0 1.45 35
15 24 205 3.0 1.45 35
16 32 205 3.0 1.45 38
17 20 160 2.0 1.00 21
18 36 160 2.0 1.00 31
19 28 70 2.0 1.00 35
20 28 250 2.0 1.00 52
21 28 160 0.1 1.00 90
22 28 160 4.0 1.00 22
23 28 160 2.0 0.10 12
24 28 160 2.0 1.90 71
25 28 160 2.0 1.00 41
26 28 160 2.0 1.00 37
27 28 160 2.0 1.00 39

The highest oil removal percentage (90 %) wasoncentration at the inferior level (-1) with an
obtained in experiment 21, in which the oilinoculum concentration at the superior level (+1)
concentration was maintained at level -2 (inferio{experiments 9, 10, 11 and 12) resulted in a higher
axial point), followed by experiment 24 (71 %), incrude oil removal percentage.

which the inoculum concentration was maintainedrigure 1 shows the Pareto chart obtained using the
at level +2 (superior axial point). Consequentlyexperimental design, calculated using different
the experiments that combined an oiltypes of interactions between variables. The initia
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oil concentration (3) had the greatest effect an ththe temperature, the first of which had a positive
dependent variablea(= 95 %), followed by the effect, and the second of which had a negative
inoculum concentration (4). Increases in the ihitiaeffect. The quadratic terms for agitation speed and
oil concentration have a negative effect on oilnoculum concentration and the interaction terms
removal, and increases in the inoculunfor oil/inoculum concentration, agitation/inoculum
concentration have a positive effect. The agitatiogoncentration, agitation/oil concentration,
speed (2) and temperature (1) also had significatg@mperature/oil concentration, temperature
positive effects on oil removal. In addition, two/inoculum concentration and temperature/agitation
other parameters were statistically significant—théad no significant effects on oil removal € 95
quadratic terms for the initial oil concentratiamda %).
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Figure 1 - Pareto chart of the standardized effects forreihoval obtained using the' 2ull
factorial design.

Some studies have reported a negative effect of tld being heavy. This petroleum has a high density
initial oil concentration on crude oil removal. (18,93 °API), contains 3.1 % asphaltenes, has a
Del'Arco and Franca (2001) used a mixed cultureesin-to-asphaltene ratio of 8.1, has a saturated-t
of landfarming associated with indigenousaromatic ratio of 1.6, and contains 2.66 % N, S
microorganisms in the bioremediation of sandyand O. Based on these characteristics, this oil is
sediments contaminated with light Arabian oil andcharacterized as non-biodegradable. A higher
observed different rates of removal after 29 daymicrobial population results in a greater oil
(33.7, 32.9 and 28.9 % oil and fats; 88.5, 35.3 ankiodegradation rate, especially under the
13.0 % n-alkanes &Cy; 100, 61.3 and 59.4 % conditions that were used for the experiment, that
pristane) for different initial oil concentratiof4 is, without the addition of nutrients to support
o/kg, 12 g/kg and 28 g/kg, respectively),microbial growth. Therefore, the inoculum amount
corroborating the results obtained in this workhas an important role.

These results show that some compounds iBtudies report the degradation of alkanes such as
Marlim petroleum can be toxic t&. lipolytica polycyclic aromatic hydrocarbons (PAHS) under
IMUFRJ 50682 above a certain concentrationanoxic conditions, but the anaerobic degradation
inhibiting the metabolism of the microorganism. rate of hydrocarbons is often less than the
Previous publications have also reported thequivalent aerobic degradation rate (Head and
positive effect of the inoculum concentration,Swannell, 1999). Grishchenkov et al. (2000)
agitation speed and temperature. The positivisolated bacteria strains from petroleum-
effect of the inoculum concentration showed thatontaminated soil and observed the degradation of
Y. lipolytica IMUFRJ 50682 is able to consume20-25 % of the total amount of oil under aerobic
the Marlim petroleum hydrocarbons despite thizonditions in 10 days, but under anaerobic
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conditions, the same strains took 50 days toil removal in experiment 21 (level -2) was only
degrade 15-18 % of the total petroleum presenapproximately 4 times greater than that in
The strain used in this work is strictly aerobioda experiment 22 (level +2) (Table 2), giving the
therefore the aeration of the system is important timpression that a very large increase in the initia
promote the hydrocarbon oxidation by theoil concentration would have a positive influence
microorganism. The positive effect of agitationon oil removal. In fact, in experiment 21 complete
shows that the maximum oxygen saturation waseil removal should have occurred because the
not achieved in the range of agitation studiedcompounds easily assimilated by the yeast were
Greater system agitation promotes increasequickly consumed during the initial days of the
aeration, contributing to oil removal, but afteeth experiment, leaving 10 % recalcitrant compounds.
maximum oxygen saturation level is reachedin experiment 22, the strain was able to remove 20
further increases in agitation do not improve oib6 of the oil in 120 hours; this percentage
removal because the aeration rate will not changecorresponds to compounds that are easily
The positive effect of temperature on oil removakonsumed by . lipolytica

can be explained by increases in the hydrocarbdrable 3 presents the variance analysis (ANOVA).
solubility and the enzymatic activity of The ANOVA shows a high R (0.96, correlation
microorganisms, which ultimately contribute tocoefficient) and a good performance for the
increases in the biodegradation rate. Howeverggression F test (calculated value was
above 40 °C, the membrane becomes morapproximately 35 times the listed valudl).was
susceptible to hydrocarbon toxicity (Leahy andadjusted using a second order model. The factors
Collwell, 1990), which explains the negative effecthat were not statistically significant were
of the quadratic term for temperature. Moreover, aliminated from the model and added to the lack of
very high increase in temperature causes fit except for the interaction between the oail
reduction in microorganism enzymatic activity andconcentration and the inoculum concentration.
therefore reduces the hydrocarbon biodegradatiddecause this variable is in the marginal regiod (O.
rate. <p> 0.05), it was not removed from the model.

The positive effect of the quadratic term for theAs the model exhibited a good fit, it was possible
initial oil concentration can be explained by theto analyze the response surface. The model
levels used for this variable (Table 1). Theobtained to describe the response surface of olil
quadratic term is generated by the axial pointgemoval by Y. lipolytica IMUFRJ 50682 is
which differed greatly (0.1 and 4.0 % v / v): levelexpressed in Equation 1.

+2 was 40 times higher than level -2. However, the

%Removal= 4067+ 192x temperatue— 381x temperatue’ + 267 x agitation— 1433x
[petroleun}+ 3,68><[petroleun}2 +1150x [inoculun] - 212><[petro|eun}><[inoculun]

Table 3- Analysis of variance (ANOVA) for oil removal alse response.

Source of variation Sum of squares Degrees of fréem Mean squares F test
Regression 9335.9 7 1333.70 88.98
Residual 284.8 19 14.99
Lack of fit 276.8 17 16.28
Pure error 8.0 2 4.00
Total 9620.7 26 370.03

Fo,95:7:10= 2.54; R = 0.96.

Figure 2 (A) shows the response surface, whicAn oil concentration at level -1 (1% v/v) and an
allows the optimization of the conditions ofinoculum concentration at level +1 (1.45 mg/mL)
temperature and agitation speed for oil removakvere fixed in this response surface.
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Figure 2 — Response surface (A) and contour lines (B) foresnoval as function of agitation and
temperature.

It can be observed that the highest oil removaHowever, it is not possible to characterize these
occurred when the temperature was close to ttmonditions as optimal conditions because no
central point (28 °C) and when the agitation speedxperiment using an agitation greater than 250 rpm
was near the maximum level (250 rpm). Thiswvas performed to determine if a greater agitation
result is clearly shown by the contour lines inspeed would increase oil removal.

Figure 2 (B).
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